The copepods Drepanopus forcipatus and Calanus australis are key species in the mesozooplankton community over the southern Patagonian shelf. Their population abundance, stage composition and vertical distribution within the region were studied during late summer 2000. Individual size of adult females was also examined. Maximum abundances of D. forcipatus were recorded in outer waters of Grande Bay at ca. 518S and decreased noticeably towards the northern and southern parts of the study area. Calanus australis was much less abundant but rather uniformly distributed over the entire study area. Highest numbers were recorded in the inner area of the Grande Bay and lowest in shelf waters offshore. Both populations were also differently distributed in the water column. Drepanopus forcipatus were concentrated mainly within the upper layers down to ca. 50 m, whereas C. australis were deeper close to the bottom. Late copepodids were dominant in both populations over most of the shelf. Size variation of adult females was much larger in D. forcipatus than in C. australis. Overall, these preliminary data suggest that both copepod species have developed different life-cycle strategies to contend with the suboptimal food conditions that typically follow the spring net-phytoplankton bloom in high latitude ecosystems.
The copepods Drepanopus forcipatus and Calanus australis are key species in the mesozooplankton community over the southern Patagonian shelf. Their population abundance, stage composition and vertical distribution within the region were studied during late summer 2000. Individual size of adult females was also examined. Maximum abundances of D. forcipatus were recorded in outer waters of Grande Bay at ca. 518S and decreased noticeably towards the northern and southern parts of the study area. Calanus australis was much less abundant but rather uniformly distributed over the entire study area. Highest numbers were recorded in the inner area of the Grande Bay and lowest in shelf waters offshore. Both populations were also differently distributed in the water column. Drepanopus forcipatus were concentrated mainly within the upper layers down to ca. 50 m, whereas C. australis were deeper close to the bottom. Late copepodids were dominant in both populations over most of the shelf. Size variation of adult females was much larger in D. forcipatus than in C. australis. Overall, these preliminary data suggest that both copepod species have developed different life-cycle strategies to contend with the suboptimal food conditions that typically follow the spring net-phytoplankton bloom in high latitude ecosystems.
I N T RO D U C T I O N
Marine zooplankton communities are often dominated by a few key species, which play a major role in channelling energy up the food web and controlling prey through grazing or predation. Biogeochemical pathways and most production of fish food in shelf ecosystems may thus be driven by trophic interactions among relatively few taxa (Verity and Smetacek, 1996) . Hence, specific knowledge of the life histories and population dynamics of dominant key copepods may provide cues to the understanding of the forces shaping the structure of pelagic food webs (Kiørboe, 1997) .
The continental shelf off southern Patagonia in the SW Atlantic is the largest shelf area in the southern hemisphere and the region of highly productive fisheries. Total fish production in this area comes mostly from demersal species and squids (Sánchez and Bezzi, (.390 mm) , copepods compose $45% but up to 70%, and usually between 30% and 60%, of total zooplankton biomass (Sabatini et al., 2004; Sabatini, 2007) .
Concurrent physical and biological features appear to enhance plankton production during spring -summer. The circulation associated with the presence in the area of several hydrographic fronts would create conditions for the accumulation and retention of planktonic organisms. Thus, very high concentrations of satellite-derived sea surface chlorophyll a have been reported in the area throughout spring and summer (Rivas et al., 2006; Romero et al., 2006) . Respiration of zooplankton and the increase of CO 2 by convection in this area would in turn result in a large CO 2 source to the atmosphere (Bianchi et al., 2005) .
During summer, the copepod community on the shelf is dominated by two species: Drepanopus forcipatus, a medium-sized member of the Clausocalanidae, and the large calanid Calanus australis, the former species largely outnumbering the latter. The high abundance of D. forcipatus in southern Patagonia has only been recognized recently with the use of fine mesh nets (Sabatini, 2007) . Because of the size selectivity of coarse nets, this copepod has been significantly underrepresented in historical data sets, concealing their dominance in the copepod community (cf. Sabatini et al., 2004) . In addition to C. australis, there is a number of accompanying species of varying abundance, which increase across the shelf in an offshore direction. As reported elsewhere (Ramirez, 1970; Sabatini, 2007) , the copepod community made up of a few species (D. forcipatus, Oithona spp. and C. australis), which is typical of the inner-shelf, changes offshore to a more diverse one. This is so mainly because of the occurrence on the outer-shelf of many large species, such as Neocalanus tonsus, represented by stage C5, Calanus simillimus, Metridia lucens and Rhincalanus nasutus.
For the above reasons, because of their distribution, abundance and dominance, D. forcipatus and C. australis may be regarded as the most significant planktonic copepods in the pelagic food web of the southern Patagonian shelf.
Distribution of D. forcipatus is restricted to sub-Antarctic waters ,200 m depth, namely around southern South America from 308S on the Pacific to 368S on the Atlantic coast, including the Malvinas Islands, and around South Georgia (Hulzemann, 1985) . Although locally occurring in huge numbers, this species has received little attention in comparison to its northern ecological counterparts, Pseudocalanus spp., which are entirely confined to high latitude ecosystems of the northern hemisphere (Frost, 1989) , where they have been exhaustively studied (e.g. Corkett and McLaren, 1978; McLaren et al., 1989; Bucklin et al., 1998; Fileman et al., 2007) .
Calanus australis is also restricted to the southern hemisphere, occurring in high concentrations in neritic waters off Argentina and Brazil (up to ca. Cabo Frío at 218S), SE Australia, New Zealand and southern Chile (Ramírez and Sabatini, 2000 and references therein) . This copepod has been much less studied than some northern sibling species such as, for instance, Calanus helgolandicus or Calanus pacificus. Off southern Patagonia, it is a conspicuous component of the larger fraction of the mesozooplankton (Sabatini and Á lvarez Colombo, 2001 ) and, unlike D. forcipatus, its summer distribution and population structure over the Patagonian shelf have been previously investigated to some extent .
In light of their apparent importance in the pelagic food web of the southern Patagonian shelf, the vertical and horizontal distribution and abundance and population structure of both D. forcipatus and C. australis were examined in relation to the summer environmental conditions. The aim of this study was to search for major life-history trends of both species and their likely interactions.
M E T H O D
Sampling was carried out during a survey conducted in southern Patagonia during late austral summer 2000 (24 March -17 April). Location of the sampling stations in Fig. 1 (n ¼ 14) was established a priori only at six stations along a cross-shelf transect at 518S (Transect A). To facilitate the analysis, the remaining stations occupied were approximately grouped along two transects parallel to the coast, one over the mid-shelf at ca. 678W (Transect B) and another over the outer-shelf at ca. 668W (Transect C). Mesozooplankton was collected with a Hydro-Bios Multinet MSP I, 0.25 m 22 mouth opening and 150 mm mesh size. Sampling through the water column was accomplished in ca. 25 m depth layers by horizontal tows during 5 -10 min at each of three or four discrete depths. Sampler path was tracked in real time by means of a depth sensor, and water volumes were estimated from the mouth area, towing time and ship speed. Samples were preserved in 4% buffered formaldehyde for later analysis. Profiles of temperature and salinity were obtained by a Sea-Bird 19 CTD and raw data calibrated by measurements of salinity from in situ water samples and reversing thermometers (Reta, 2008) . Surface water samples were additionally collected for quantification and taxonomic identification of nano/microplankton. Diatoms, dinoflagellates, ciliates, and coccolithophorids were examined by epifluorescence microscopy in qualitative samples and cells enumerated with an Olympus IX70 inverted microscope according to the standard procedures (Akselman, personal communication) .
Drepanopus forcipatus and C. australis were counted and staged from subsamples in which at least 100 individuals of the dominant stage were classified. All stages were sexed in D. forcipatus and only adults in C. australis, after descriptions by Hulzemann (1991) and Bradford et al. (1988) , respectively. Counting was performed in separate subsamples for each species because of their different abundance in the samples. In order to get an estimate of the contribution of each species to the standing stock, dry mass was calculated from stage abundance and individual dry weights (Sabatini, 2007) .
Some degree of variation in female size of both copepods was apparent during routine inspection of the samples. To examine for any possible pattern, the prosome length of $30 females of each species was measured under the microscope for every sampled depth at all stations.
R E S U LT S Adult female body size
Female size of D. forcipatus and C. australis was examined vertically and horizontally. In both species, the distribution of the prosome length data approached a bellshaped curve (Fig. 2) . Size variation (range of prosome length as a proportion of the mean) was much larger in D. forcipatus than in C. australis, 58% versus 35%. This is also shown by a higher relative variability in the former species (cf. coefficient of variation, CV, Fig. 2A ). Size distribution in D. forcipatus was biased to large females, as indicated by a mean value slightly larger than the Fig. 1 . Study area and location of sampling stations. For the analysis, sampling stations were grouped along three transects: Transect A, cross-shelf at 518S; Transect B, along ca. 678W and Transect C, along ca. 668W. The outermost station (#161) agrees with the maximum concentration of chlorophyll a in surface (Reta, 2008). median. In contrast, the mean, median and mode were almost identical in C. australis (Fig. 2B) indicating a large concentration of size values around the mean, with smaller and larger females distributed almost symmetrically around the mean.
Overall, female size of D. forcipatus did not vary with depth, except for St 178 and 177 on Transect A where females at .60 m depth were slightly smaller and larger (one-way ANOVA, P , 0.05), respectively, than in the upper layers (Fig. 3) . Nearly no variation with depth was observed in the female size of C. australis (Fig. 4) . 
Standing stock and spatial patterns
The previous analysis indicates that the copepod D. forcipatus is $40% the size ( prosome length) of C. australis. Adult females are also 20 times less heavy: 10 mg dry weight versus 207 mg dry weight in C. australis (Sabatini, 2007) . In southern Patagonia, these individual differences are somehow compensated by the overwhelming population abundance of D. forcipatus. Thus, it is also the dominant species in the copepod community in terms of biomass (93%) (Fig. 5) . During late summer 2000, the ). Although much less abundant, C. australis was rather uniformly distributed over the entire study area, ranging from 1000 to 6000 individuals m
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. Highest concentrations were recorded in the inner area of the Grande Bay and lowest in shelf waters offshore far from coast (Fig. 6) . Neither of the two species was particularly abundant in the area of maximum concentration of chlorophyll a (1.60 mg m 23 ) as measured at St 161 (Reta, 2008) .
Vertical distribution and population structure of the dominant copepod species
The distribution of the two populations in the water column differed in both species. Whereas D. forcipatus was mainly concentrated within the upper layers down to ca. 40 m depth (Figs 7A, 8A and 9A), most of the C. australis was distributed deeper and next to the bottom (Figs 10A, 11A and 12A) .
The population of D. forcipatus was overall dominated by late copepodid stages C4 and C5, mainly at .40 m depth (70-80%). Early stages C1 -C3 were relatively more abundant in the upper water column (30-40% Copepodids stage C5 were also dominant in the population of C. australis (on average 60%), though they were more evenly distributed through the water column. Adult females represented on average 35% of the total population and males only 6% ( Figs 10B, 11B and 12B) .
The relative stage composition of the population of D. forcipatus changed across the shelf (Fig. 7B) . Contribution of stages C4 and C5 increased from 58% at coastal stations (St 184-186) to 73% offshore, whereas adult females decreased from 13% to only 2%; early stages C1 -C3 were constant along Transect A. The depth-integrated abundance of D. forcipatus decreased either to the north or south of 518S over both the mid-and outer-shelf, though mainly over midshelf ( Figs 8A and 9A ). The population structure remained fairly uniform, with copepodids C4 and C5 overall outnumbering other developmental stages (Figs 8B and 9B) . Exceptions were three stations located closer to the coast, i.e. St 231 and 224 on Transect B, where the relative contribution of C1 -C3 and adult females was higher (on average 46% and 22%, respectively) and St 241 on Transect C, where the relative stage composition was similar to that at the coastal stations on Transect A (St 184 -186) .
Similar to D. forcipatus, the age structure of the C. australis population across the shelf varied from coastal to offshore stations on Transect A (Fig. 10B) . Copepodids stage C5 and adult females made up most of the population at coastal stations St 184-186 (50% and 33%, respectively), whereas at offshore stations, C5s increased to 71% and females decreased to 19%. The depth-integrated abundance of C. australis was higher over the mid-shelf (Fig. 11A ) than over the outer-shelf (Fig. 12A) . Particularly along the latter, the bulk of the population stayed in the deepest layer of the water column. Relative contribution of adult females was much higher over the mid-shelf (on average 60%, 11B ) than over the outer shelf, where copepodids C5 were dominant (on average 70%, Fig. 12B ).
At the outermost sampled station (St 161), where chlorophyll a concentration was highest and showed a maximum at $20 m, most of the population of D. forcipatus was nevertheless collected within the depth layer 40-60 m. Copepodids C4 and C5 were dominant evenly through the water column (on average 90%). Similar to the rest of the study area, at this station, C. australis were mostly concentrated within the deepest layer. Almost no variation in the relative stage composition was found through the water column, with copepodids C5 dominating (on average 80%) and females relatively more abundant in the upper 40 m (30% versus 10%).
D I S C U S S I O N
The variation in the body size of adult females was greater in D. forcipatus than in C. australis, being biased overall in the former species to larger animals. The size of D. forcipatus in southern Patagonia was within the range previously recorded over the continental shelf off Argentina from ca. 388S to 518S (Table I) . However, the female size of the populations occurring further south, off Malvinas Islands and South Georgia, appears to be strikingly larger than those over the shelf. Among clausocalaniids, also Pseudocalanus species show a great deal of variation in body size; size variation is large even within samples from any given locality (Corkett and McLaren, 1978; McLaren et al., 1989) , a finding similar to that found in this study. Yet, it should perhaps be borne in mind that in the case of the closely related genus Pseudocalanus, the genus comprises a suite of species exhibiting exceptional morphological and ecological similarity (Frost, 1989) .
Spatial differences in the size of adult females of both species, though mainly of D. forcipatus, were probably due to the fact that animals were growing at different temperature/food conditions (Klein Breteler and Gonzalez, 1988). As described elsewhere (Reta, 2008) , throughout the cruise the water temperature over the southern Patagonian shelf ranged 118C to 78C, decreasing gradually from north to south. In the near shore area ,100 m depth (Transect B), the vertical structure of the water column was highly homogeneous, as a result of the strong vertical mixing caused by typically large tidal currents. In contrast, over the outer-shelf deeper than 100 m (Transect C), the thermal structure of the water column to the north of 518S was characterized by the presence of a sharp thermocline at $50 m depth, while the system became quasi-isothermal to the south. Across the shelf at 518S (Transect A), the thermal stratification vanished almost completely and there was only a very weak thermocline. Surface chlorophyll a values were relatively higher (up to1.6 mg m ). It follows that most of the potential food for copepods was below their 10-14 mm optimum size (e.g. Frost, 1972; Berggreen et al., 1988) , despite the relatively high chlorophyll a.
In accordance with the distinct features described above, the mean size of female D. forcipatus increased across the shelf (Transect A) likely with increasing algal food levels, it decreased southwards over the inner-shelf (Transect B) coinciding with low chlorophyll a values, and no clear trend was evident under the varying food conditions along the outer-shelf (Transect C). On the contrary, only little variation was found in female size of C. australis, which increased slightly from north to south, in contrast to surface temperature. Beyond this overall pattern, adult females of D. forcipatus, but not those of C. australis, were noticeably larger at most depths at St 178 and 175 on either transects (Fig. 3) . Although it seems possible that there may be some physical mechanisms that segregate sizes, no certain explanation for this finding can be based on the present data.
Drepanopus forcipatus is a conspicuous component of the shelf mesozooplankton communities in southern South America. Thus, it can be found, usually in high abundance during spring -summer, in Chilean fjords and coastal waters between ca. 458S and 558S (e.g. Hirakawa, 1989) , in the Strait of Magellan, mainly in the area facing the Atlantic Ocean (Mazzochi and Ianora, 1991) , where it is distributed in the upper layer with the population core at 20-40 m depth (Mazzochi et al., 1995) , as well as in the Beagle Channel and the associated bays Fernández-Severini and Hoffmeyer, 2005) . However, the particularly high summer abundance we found in southern Patagonia only compares with values reported at shelf sites off South Georgia, both in terms of numbers and biomass (Ward, 1989; Ward and Shreeve, 1999) . Similarly, total mesozooplankton biomass on the shelf of this small ecosystem in the Scotia Arc is at the upper part of the range for very productive shelves of the northern hemisphere (Atkinson et al., 2001 and references therein) and this seems solely due to the presence of D. forcipatus, in particular during spring to summer.
Depth-integrated abundance of the C. australis population was within the same range as previously found within the area in summer , with higher numbers recorded at the same sites; the maximum value recorded in this study was however three times lower. No particular distribution with depth had been reported earlier.
The distribution of copepod populations is governed by water depth, trophic status of the area and temperature regime, to mention the most important factors. Similar to previous studies in the area, the highest abundances of both copepod species were observed within the area of Grande Bay. With some time-lag, this is likely the response of copepods to the netphytoplankton bloom that at this location appears to begin in late spring to early summer (November to January) and yields very high satellite-derived chlorophyll a concentrations that are remarkably stable over years (Rivas et al., 2006; Romero et al., 2006) . Although in situ data are still scarce, chlorophyll a values up to 19 mg m 23 associated with a huge bloom of the centric diatom Chaetoceros debilis (.2 Â 10 3 cells L
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) and small 6-10 mm flagellates (.3 Â 10 3 cells L
) have been reported also for Grande Bay in early summer 2003 (Almandoz et al., 2007 Schloss et al., 2007) . Because of dissimilar population growth rates of mesozooplankton and net-phytoplankton, there is usually a significant time-lag between the occurrence of maximum algal and copepod numbers (Kiørboe, 1997) . Residence time of the copepod populations within the area may be further prolonged because of local circulation (Sabatini et al., 2004) .
A major finding of this study was the strongly contrasting vertical distribution of both populations in the water column, the bulk of the population of D. forcipatus being mainly distributed in the 50 m upper layer, and that of C. australis in the lower layers, closer to the bottom (cf. Figs 7 and 10) . Again, this may be related to the environmental food conditions, as chlorophyll a concentrations were relatively higher in the upper layers but decreased to about one-half below the thermocline (Reta, 2008) . Superimposed on this effect, normal diel vertical migration would be another factor responsible for the pattern observed in D. forcipatus since collection tows were mostly undertaken at night. On the contrary, the majority of C. australis was found to stay in the deeper layers both by day and by night.
On the basis of these results, it could be suggested that both copepod species have developed different strategies to contend with the suboptimal food conditions that usually follow the spring net-phytoplankton bloom. Besides the extremely low concentration of food of suitable size (microplankton) concurrently found (Akselman, unpublished data), Almandoz et al. (Almandoz et al., 2007) report the numerical prevalence of phytoflagellates ,5 mm in the summer phytoplankton assemblages off Southern Patagonia. A differential feeding between the two copepods is supported by recent work on sibling Pseudocalanus and Calanus species. Food selection by Pseudocalanus elongatus seems to be based on food quality and, conversely, the main selection factor in C. helgolandicus would be particle size. In this way, both species could maximize their nutritional benefit (Fileman et al., 2007) . Therefore, it seems likely that although D. forcipatus were feeding to some extent in the upper layers because of a more opportunistic feeding behaviour, the bulk of the population of C. australis was entering diapause (or some kind of arrested metabolism) at depth, and therefore either not feeding or at a very low rate. As a strategy for coping with the strong seasonality in food supply typical of high latitudes, the life cycle of most species of the family Calanidae includes a resting phase that is generally spent at considerable depth, usually as C5 (e.g. Conover, 1988; Miller et al., 1991) . However, in the shelf-seas to the southwest of the British Isles, this behaviour is modified and constrained by the shallow waters (100-200 m). This is the case for C. helgolandicus over the Celtic Sea shelf, where the overwintering stock consists of C5 and adult females distributed homogeneously through the water column with greatest abundances ,40 m. Apparently, these animals do not undergo a true diapause but show a reduced metabolism; they are still feeding and producing eggs, though at much lower rates Conway, 1982, 1984) . Similarly, this may also be the situation for C. australis over the Southern Patagonian shelf, where relatively shallow waters prevent deep vertical migrations. The age structure (on average 56% C5 and 38% adult females, both stages usually carrying large stores of lipid) and vertical distribution (larger abundances ,50 m) as we found in this study support the view that by late summer the population of C. australis was nearly ready to enter the overwintering conditions.
There is the possibility that D. forcipatus was also preparing to overwinter, as suggested by the prevalence in the population of lipid-storing C4 and C5. Similarly, a state of "active diapause", i.e. individuals are still feeding to a degree but with a considerably reduced metabolism, has been described for the sibling species Pseudocalanus acuspes in northern Norway (Norrbin, 1996) . Opportunistic feeding must be a supplement to energy storage for smaller copepod species occurring at high latitudes because of their higher metabolic rates and the limitation of storage space (Norrbin et al., 1990) . Different vertical distributions have been also recorded for C. pacificus and Pseudocalanus newmani in Dabob Bay, Washington, USA (Pierson et al., 2005) . Similarly to the patterns described above for C. australis and D. forcipatus, older stages of P. newmani were consistently found within the layer containing higher chlorophyll a, whereas adults and C5 of C. pacificus were not strongly co-located with chlorophyll a concentrations. Morphological, life history and behavioural differences between the species and, ultimately, the balance between nutritional requirements and predation mortality would be the reasons driving such distribution patterns, as the authors conclude.
A major difference between D. forcipatus and C. australis concerns their reproductive strategies. Similar to other clausocalaniids belonging to the genera Pseudocalanus (Corkett and Gonzalez, 1978) and Clausocalanus (Mazzocchi and Paffenhöfer, 1998; Saiz and Calbet, 1999) , female D. forcipatus are egg-brooders whereas C. australis are broadcast-spawners. This is likely to have important implications for the population dynamics of each species, via differential fecundity and mortality/predation rates (e.g. Kiørboe and Sabatini, 1994; Logerwell and Ohman, 1999) .
Future research should focus on elucidating the main differences in feeding, reproduction and overwintering strategies of these two key copepod species in coastal and shelf areas off southern Patagonia.
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